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(57) ABSTRACT 
A color sensor makes a color distinction based on out 
puts from three primary optical sensing devices for 
receiving light having three primary colors under a 
fluorescent lamp by calculating a relative composition 
ratio of the three primary colors in an integrator. The 
operation of the integrator is controlled by a pulse gen 
erated by detecting a peak value of the light based on an 
output from a complementary optical sensing device 
sensitive to visible light. 

2 Claims, 3 Drawing Sheets 

  



U.S. Patent May 30, 1989 Sheet 1 of 3 4,834,541 

FG. 

  



May 30, 1989 Sheet 2 of 3 4,834,541 U.S. Patent 

LINT ØNISSE OO}}d 

&#ECIAIO @%---- 
ng)| () HELHEIANOO -Q/w 

!-- ------------- - -} 

  

  



U.S. Patent May 30, 1989 Sheet 3 of 3 4,834,541 

F.G. 4 

FIG.5ble, h h h h 
FG,5(c) 

TIME 

  



4,834,541 
1. 

COLOR SENSOR a 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to a color sensor capable of 

performing data processing for distinguishing a color at 
high speed under a light source having a flicker such as 
a fluorescent lamp. 

2. Prior Art Statement 
A conventional color sensor utilizing a tristimulus 

value direct reading method which has been generally 
used, must have an exclusive standard light source. In 
this color sensor, the color distinction is made in the 
state that extraneous light is blocked to some extent or 
an object is illuminated by a standard light source 
brighter than the extraneous light, such as a light 
source, for example, of 2,000 lux against an extraneous 
light of 500 lux. 

However, since the conventional color sensor re 
quires an exclusive standard light source as described 
above, it is very difficult for the conventional color 
sensor to be used on an actual production line. There 
fore, a color sensor which can be used under a fluores 
cent lamp ordinarily used as factory illumination, is 
strongly demanded. 
The present inventor has proposed a color distinction 

device capable of solving the above-mentioned problem 
and improving the capability of distinguishing red-pur 
ple colors (Japanese Patent Public Disclosure No. SHO 
61 (1986)-262623, U.S. patent application Ser. No. 
4,766,702. The proposed color distinction device com 
prises optical sensing devices sensitive to three primary 
colors of red, green and blue respectively, and a com 
plementary sensor. In this device, the capability of dis 
tinguishing colors is improved by using an output from 
the complementary sensor. 

However, when the color sensing is performed at 
high speed under a fluorescent lamp used as industrial 
illumination, the flicker of light due to the frequency of 40 
an electric power source of a fluorescent lamp offers a 
large interference. In the above-mentioned color dis 
tinction device, an electric filter circuit is used in order 
to remove an influence of flicker due to the frequency 
of an electric power source of a fluorescent lamp. Al 
though a correct color distinction can be made if the 
filter circuit is employed, the circuit takes a compara 
tively long time for processing, i.e., usually 2 or 3 sec 
onds. Therefore, sometimes the color sensing is unable 
to cope with the high speed of the production line. That 
is, since the relative composition ratio of the three pri 
mary colors is changed by the timing for processing the 
three primary colors it fails to make a correct color 
distinction, and the filter is connected to a rear part of a 
current to voltage converter (an I/V converter) to 
obtain a direct current signal in order to remove unde 
sired influence due to the flicker. However, since the 
processing time for the filter according to this method 
requires 2 to 3 seconds, high speed distinction is difficult 
to obtain. 

Therefore, if a method for eliminating the flicker at 
high speed can be established, a correct color distinc 
tion can be made in the above-proposed device even if 
the speed of the production line is comparatively high. 
OBJECT AND SUMMARY OF THE INVENTION 65 

The object of the present invention is to provide a 
color sensor, in which a color distinction can be made at 
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2 
high speed under a fluorescent lamp which flickers at a 
low frequency. 

In order to achieve the above-mentioned object, a 
color sensor of the present invention comprises three 
optical filters having a peak at a red color wavelength, 
green color wavelength and blue color wavelength 
respectively, three primary optical sensing devices for 
receiving light passed through said optical filters and 
one complementary optical sensing device sensitive to a 
visible light, each of the primary optical sensing devices 
being provided with an integrator for performing an 
integrating operation by a trigger pulse generated based 
on an output of the complementary optical sensing 
device and adder and divider means for outputting, as a 
color distinction item, the composition ratio of the three 
primary colors based on the output from the integra 
tOrS. -a- 

When each optical sensing device is placed opposite 
to an object under a light source having a flicker such as 
a fluorescent lamp, a trigger pulse is generated in syn 
chronism with the peak of the brightness of the light 
source by an output of the complementary optical sens 
ing device and every time the trigger pulse is generated, 
the output from each primary optical sensing device is 
made smooth in each integrator connected to each pri 
mary optical sensing device. Further, the composition 
ratio of the three primary colors is calculated from the 
output of each integrator in the adder and divider 
means. Color distinction is made by comparing such 
obtained composition ratio with a composition ratio of 
a reference color recorded beforehand. 
As described in the foregoing, by adequately control 

ling each integrator connected to each primary optical 
sensing device so that the integrator performs the inte 
grating operation at a peak value of a light source, the 
output from the integrator can be made smooth. As a 
result, a correct color distinction can be made at high 
speed. 
The above and other objects and features of the in 

vention will become more apparent from the following 
detailed description with reference to the accompany 
ing drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an explanatory view illustrating color dis 
tinction made by a color sensor of the present invention; 
FIG. 2 is an explanatory view showing one example 

of an arrangement of optical sensing devices in the color 
sensor; 

FIG. 3 is a block diagram of the color sensor accord 
ing to the present invention; 

FIG. 4 is a graph illustrating output waveforms of the 
optical sensing devices under a fluorescent lamp; 
FIG. 5 (a) is an illustration of a waveform of an out 

put from a complementary optical sensing device of the 
color sensor; 
FIG. 5 (b) is an illustration of a waveform of a trigger 

pulse from a pulse generator; and 
FIG. 5 (c) is an illustration of a smooth waveform of 

an output from an integrator. 
DETAILED DESCRIPTION OF THE 

PREFERRED EMBODIMENT 
FIG. 1 illustrates one embodiment of a configuration 

of a color distinction using a color sensor according to 
the present invention. The light reflecting from an ob 
ject 2 radiated by a fluorescent lamp 1 is condensed by 
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a condenser lens 3 disposed at an opening of a sensor 
housing 4 with a black and non-shining inner wall and 
enters a group 5 of optical sensing devics on a support 
ing table 6 disposed at a focal position of the lens 3 
within the housing 4. 
The optical sensing device group 5, as shown in FIG. 

2, comprises three primary optical sensing devices SR, 
So, and SB, and one complementary optical sensing 
device Scall disposed on the supporting table 6. Filters 
FR, Fo and FB are provided to face the three primary 
optical sensing devices SR, SG and SB, respectively, and 
a filter Fc for intercepting infrared light is provided to 
face the complementary optical sensing device SC. The 
filter FR is formed of an optical filter having a peak in 
red color wavelength and a filter for intercepting infra 
red light which overlap each other. Similarly, the filters 
FG and FB are formed by overlapping optical filters 
having peaks in green color wavelength and blue color 
wavelength respectively and filters for intercepting 
infrared light, respectively. 
As the above-mentioned optical sensing devices (pho 

toelectric converting elements), there are desirably used 
such elements which have a spectral characteristic simi 
lar to a human visibility. One example of such elements 
is a high speed type PIN photodiode. If these optical 
sensing devices SR, SC, SB and SC are sensitive only to 
visible light, each of the filters FR, FC, FB may be 
formed of an optical filter alone, and the filter FC may 
be removed. 
The light having entered the respective optical sens 

ing devices is converted into an electric current, which 
is fed to an electronic circuit 7. That is, as shown in 
FIG. 3, each of the optical sensing devices SR, SC, SB 
and SC is connected to a current-voltage converter I/V 
which is connected to an amplifier AMP. The output 
signals r1, g1 and b1 of the optical sensing devices are 
converted into voltage signale r2, gand b2 by the cur 
rent-voltage converters I/V and these voltage signals 
are fed to integrators IR, IG and IB through switches SW 
which will be described later. 
On the other hand, the output current signal c of the 

complementary optical sensing device SC is converted 
into a voltage signal c2 in the current-voltage converter 
I/V and then fed to a peak detector PD for detecting a 
peak value of brightness due to flicker of the fluorescent 
lamp 1. A pulse generator PG for generating a pulse c3 
is connected to the detector PD so that the detection of 
the peak value of the signal received by the detector PD 
is in synchronism with the generation of the pulse c3. 
Further, a pulse counter PC for outputting cA. one pulse 
per two pulses upon receipt of the output c3 of the pulse 
generator PG is provided. By the pulse ca, from the 
pulse counter PC, the switches SW are controlled so as 
to start the integrating operation of the integrators IR, 
IG and IB. 
After passing through the integrators IR, IG and IB, 

the outputs r3 and b3 of the respective primary optical 
sensing devices are added in an adder ADD to obtain a 
total value of r3, g3 and b3, and the output of the adder 
ADD is fed to analog dividers DR, DG and DB so as to 
calculate the composition ratios with respect to the 
respective outputs r3, g3 and b3. The respective analog 
dividers DR, DG and DB calculate the following rela 
tions: 

O 

15 

20 

25 

30 

35 

45 

50 

55 

60 

65 

and obtain the relative composition ratio of the three 
primary colors. The outputs R, G and B are fed to a 
data processing unit Cu through respective analog-digi 
tal converters A/D to make a color distinction. 
The data processing unit Cu has beforehand stored 

each standard color, a relative ratio of the compositions 
R, G and B of each standard color and each tolerance 
range. It is determined that the relative composition of 
the outputs R, G and B from the dividers DR, DG and 
DBfall within what color of tolerance range stored, and 
then the color of the object to be distinguished is identi 
fied. 
The object includes not only colored articles but also 

bar codes having various colors. 
In the color sensor having the above-mentioned con 

struction, the respective outputs R2, g2, b2 and c2 of the 
amplifiers AMP connected to the respective optical 
sensing devices SR, SG, SB and SC, as shown in FIG. 4, 
are the same in time t1, t3 for generating the upper limit 
value and in time to(= t4), t2 for generating the lower 
limit value under a fluorescent lamp. Where a current of 
50 Hz is supplied to the fluorescent lamp, one cycle 
(tothrough t4) is 20 ms, and the time for distinguishing a 
color is the sum of one cycle of the lamp, time delay of 
the circuit, and calculating time. The output c1 of the 
complementary optical sensing device element SC hav 
ing a waveform shown in FIG. 5(a) is input into the 
peak detector PD through the current-voltage con 
verter I/V and amplifier AMP, and the maximum value 
of the brightness of the fluorescent lamp is detected in 
the peak detector PD. When the maximum value of the 
brightness is detected in the peak detector PD, a trigger 
pulse shown in FIG. 5(b) is generated from the pulse 
generator PG. 

In this case, when a current of 50 Hz is supplied to the 
fluorescent lamp for example, the waveform has 100 
brightness peaks whose values are alternately the same. 
Therefore, the pulse counter PC outputs one pulse 
every time two pulses are input thereto and, as a result, 
a trigger pulse which is in synchronism with the flicker 
of the fluorescent lamp can be obtained. 
Why one pulse is output every time two pulses are 

input in the pulse counter PC is that one cycle com 
prises two pulses having different peak values as shown 
in FIG. 4 and that if an “ON”/"OFF" operation is 
performed per pulse, the difference between the two 
peak values is output, thereby failing to obtain a perfect 
direct current. 
The outputs r1, g1 and b1 of the respective primary 

optical sensing devices SR, SC, and SB like the comple 
mentary optical sensing device Scare fed to the amplifi 
ers AMP through the respective current-voltage con 
verters I/V, and further to the integrators IR, IG and IB 
through the switches SW. However, since the switches 
SW are controlled by the trigger pulse from the pulse 
counter PC, that is, since the switch SW is put on and 
off per cycle of FIG. 4, the voltage output signals r2, g2 
and b2 from the optical sensing devices are fed to the 
integrators IR, IG and IB per cycle. In the respective 
integrators, the input for one cycle portion is integrated. 
As a result, a smooth waveform without noise is ob 
tained as shown in FIG. 5(c). 

After processed in the integrators IR, IG and IB, the 
Smooth output signals r3, g3 and b3 are added in the 
adder ADD before taken into the data processing unit, 
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etc., then the relative composition ratio with respect to 
the respective outputs r3, g3 and b3 is calculated based 
on the above-mentioned relations in the analog dividers 
DR, DG and DB, and then is input into the data process 
ing unit Cu to be served as a color distinction item, 5 
thereby to make the color distinction at very high 
speed. 
As described in the foregoing, if the timing for gener 

ating a trigger pulse is determined by the peak value of 
the complementary optical sensing device with respect 10 
to a light source having a flicker such as a fluorescent 
lamp, information without apparent flickers of a fluores 
cent lamp can be obtained. As a result, a color distinc 
tion can be accurately made at high speed. 

In the circuitry of FIG. 3, it takes the longest time for 15 
processing the divider. If a commercially available di 
vider is employed, it takes about 10 us. Therefore, a 
sufficient processing can be performed following the 
flicker (50 Hz, 60 Hz and 400 Hz) of a fluorescent lamp 
and a correct color information can be supplied to the 20 
data processing unit at high speed. Therefore, a high 
speed color distinction can be performed in that only 
about 30 ms is required for processing even under a 
fluorescent lamp lighting at a commercial frequency of 
50 Hz, compared with 1 to 2 seconds required in the 25 
prior art. 

If the time for taking in, for example, 4 channel por 
tions can be shortened to about 10 through 20 us in the 
high speed AD converter, all circuits after the peak 
detector and integrator can be replaced with software. 30 

In a bar code system, a monochrome bar code has 
been used. According to this invention, since color 
distinction can be made at high speed by a color sensor 
under a fluorescent lamp, the bar code can have various 
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6 
colors. Therefore, a large amount of complicated infor 
mation can be processed at high speed. 
What is claimed is: 
1. A color sensor comprising: 
three optical filters each having a peak in wavelength 

of three primary colors; 
three primary optical sensing devices for receiving 

light passed through said optical filters; 
three integrators for integrating outputs from said 
primary optical sensing devices; 

a complementary optical sensing device sensitive to 
visible light; 

control means comprising a peak detector and a pulse 
generator for controlling the operation of said 
three integrators, said peak detector detecting a 
peak value of light from a light source having a 
flicker from an output of said complementary opti 
cal sensing device, said pulse generator controlling 
the operation of said three integrators by a pulse 
signal generated based on the peak value detected 
so that the integrating operation is performed dur 
ing the generation of the peak value; 

means for calculating a composition ratio of the three 
primary colors on the basis of outputs from said 
three integrators; and 

means for distinguishing color by comparing the 
composition ratio obtained of the three primary 
colors with each composition ratio of three stan 
dard primary colors stored beforehand. 

2. The color sensor according to claim 1 wherein 
each of said optical sensing devices is a PIN photodi 
ode. 
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